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FIG.10
Program Erasure Read
BL1 + Vpp3 0 + VL
CS 0 +Veez 0
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BLZ 0 0 0
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200
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WL2 0 0 0
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400
ACG]. +VI3|31 ‘Veel +Vread
WL2 0 0 0
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WL2 0 0 0
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SINGLE-LAYER GATE EEPROM CELL, CELL
ARRAY INCLUDING THE SAME, AND
METHOD OF OPERATING THE CELL

ARRAY

CROSS-REFERENCES TO RELAT
APPLICATIONS

gs
w

The present application claims priority under 35 U.S.C.
119(a) to Korean Application Nos. 10-2013-0035446 and
10-2013-00605341, filed on Apr. 1, 2013 and May 28, 2013,

respectively, in the Korean intellectual property Office, which
are incorporated herein by references 1n their entirety.

BACKGROUND

Embodiments of the present disclosure relate to a nonvola-
tile memory device and a method of operating the same and,
more particularly, to a single-layer gate electrically erasable

T 171

programmable read-only memory (EEPROM) cell, a cell
array 1including the same, and a method of operating the cell
array.

An EEPROM device 1s a nonvolatile memory device that
retains stored data even when not powered. In an EEPROM
device, data 1s electrically stored in memory cells, and the
stored data 1s electrically erased. Various memory cell struc-
tures of the EEPROM device have been proposed to improve
performance. A typical memory cell of an EEPROM device
employs a stacked gate structure 1n which a floating gate, an
inter-gate dielectric layer, and a control gate are sequentially
stacked on a semiconductor substrate.

As electronic systems become smaller with the develop-
ment of fabrication techniques of semiconductor devices,
system-on-chip (SOC) products have been utilized as impor-
tant devices of high performance digital systems. An SOC
product may include a plurality of semiconductor devices
executing various functions 1n a single chip. The SOC product
may include at least one logic device and at least one memory
device, which are integrated 1n a single chip. Thus, fabrication
technologies of an embedded EEPROM device may be
required to embed an EEPROM device in an SOC product.

In order to embed an EEPROM device 1n an SOC product,
the fabrication technologies of the embedded EEPROM
device have to be compatible with the fabrication technology
of the logic device included 1n the SOC product. In general, a
logic device employs transistors having a single gate struc-
ture, while the EEPROM device employs cell transistors hav-
ing a stacked gate structure (e.g., a double gate structure).
Thus, an SOC product including an EEPROM device and a
logic device may require a complicated fabrication technol-
ogy. Accordingly, a single-layer gate EEPROM device
employing a single-layer gate cell structure 1s an attractive
candidate for use 1n an embedded EEPROM device. Comple-
mentary metal-oxide-semiconductor (CMOS) circuits of the
logic device may be readily implemented using the fabrica-
tion technology of the single-layer gate EEPROM device. As
a result, the fabrication technology of single-layer gate
EEPROM device may be widely used in fabrication of an
SOC product including an embedded EEPROM device.

In general, an embedded EEPROM device requires a fast
access time. Thus, the embedded EEPROM device may be
designed to have a NOR-type cell array configuration rather
than a NAND-type cell array configuration. In such a case,
there may be some limitations 1n designing peripheral circuits
which are capable of preventing read errors from occurring,

due to over-erased unit cells in a read mode.
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2

Read errors, which occur due to the over erasure phenom-
enon, may beresolved by modifying methods of operating the

unit cells or methods of arranging the unit cells 1n the embed-
ded EEPROM device. Further, a high performance embedded
EEPROM device may be fabricated by preventing non-se-
lected unit cells from being affected or disturbed by voltages
applied to a selected unit cell during a program mode or a read
mode. Moreover, 1n order to fabricate a high performance
embedded EFPROM device, the embedded EEPROM device
may be designed to operate at a low program voltage and a
low erasure voltage. This 1s for scaling down MOS transistors
of the embedded EEPROM device to increase a degree of
integration of the embedded EEPROM device.

SUMMARY

Various embodiments are directed to a cell array of a
single-layer gate EEPROM device and a method of operating
the same.

According to some embodiments, a basic cell array portion
of a single-layered gate EEPROM device includes a substrate
and a plurality of unit cells formed on the substrate to share a
first well region 1n the substrate with each other. Each of the
plurality of unit cells includes a tloating gate including a first
part disposed on the first well region and a second part extend-
ing from the first part in a first direction to have a stripe shape,
a selection gate spaced apart from the floating gate and dis-
posed to be parallel with the second part of the tloating gate,
and an active region disposed 1n the substrate to be parallel
with a second direction substantially perpendicular to the first
direction and to intersect the floating gate and the selection
gate. The active region has a first impurity region adjacent to
a sidewall of the tloating gate opposite to the selection gate, a
second impurity region adjacent to a sidewall of the selection
gate opposite to the floating gate, and a third impurity region
between the selection gate and the floating gate.

According to further embodiments, a basic cell array por-
tion of a single-layered gate EEPROM device includes a
substrate and first, second, third and fourth unit cells formed
on the substrate to share a first well region 1n the substrate
with each other. Each of the first, second, third and fourth unit
cells includes a floating gate including a first part disposed on
the first well region and a second part extending from the first
part 1n a first direction to have a stripe shape, a selection gate
spaced apart from the floating gate and disposed to be parallel
with the second part of the floating gate, and an active region
disposed 1n the substrate to be parallel with a second direction
substantially perpendicular to the first direction and to inter-
sect the floating gate and the selection gate. The active region
has a first impurity region adjacent to a sidewall of the floating,
gate opposite to the selection gate, a second impurity region
adjacent to a sidewall of the selection gate opposite to the
floating gate, and a third impurity region between the selec-
tion gate and the tloating gate. The first and second unit cells
are symmetric with respect to a straight line disposed ther-
cbetween to be parallel with the second direction, the first and
third unit cells are symmetric with respect to a straight line
disposed therebetween to be parallel with the first direction,
and the first and fourth umt cells are point symmetric with
respect to a point located therebetween.

According to further embodiments, a cell array portion of
a single-layered gate EEPROM device includes a plurality of
unit cells arrayed on a substrate along rows and columns.
Each of the unit cells includes a selection transistor and a cell
transistor serially connected to each other and includes a
drain terminal, a selection gate, a floating gate, a control gate
clectrode and a source terminal. A plurality of bit lines 1s
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connected to the plurality of unit cells. Each of the bit lines 1s
clectrically connected to the drain terminals of the unit cells

arrayed 1n one of the columns. A plurality of word lines are
connected to the plurality of unit cells. Each of the word lines
1s electrically connected to the selection gates of the unit cells
arrayed in one of the rows. A plurality of control gate lines 1s
connected to the plurality of unit cells. Each of the control
gate lines 1s electrically connected to the control gate elec-
trodes of the unit cells arrayed in two adjacent ones of the
rows. A common source line 1s connected to the source ter-
minals of the plurality of unit cells.

According to further embodiments, a method of operating
a cell array portion of a single-layered gate EEPROM device
1s provided. The cell array portion includes a plurality of unit
cells arrayed on a substrate along rows and columns, a plu-
rality of bit lines connected to the plurality of umt cells, a
plurality of word lines connected to the plurality of unit cells,
a plurality of control gate lines connected to the plurality of
unit cells, and a common source line connected to the plural-
ity of unit cells. The method of operating the cell array portion
of the single-layered gate EEPROM device includes erasing
the plurality of unit cells by applying a positive erasure volt-
age to the common source line and by applying a negative
erasure voltage to the plurality of control gate lines.

According to further embodiments, a basic cell array por-
tion of a single-layered gate EEPROM device includes a
substrate 1n which a single well region 1s disposed, a plurality
of unit cells disposed on the single well region, and a contact
region disposed in the single well region such that the plural-
ity of unit cells share with each other. Each of the plurality of
unit cells includes a floating gate including a first part dis-
posed on the single well region to overlap with a portion of the
contact region and a second part extending from the first part
to overlap with a portion of the single well region, a selection
gate disposed on the single well region to be spaced apart
from the second part of the tloating gate, and an active region
disposed 1n the single well region to intersect the selection
gate and the second part of the floating gate. The active region
has a first impurity region adjacent to a sidewall of the floating
gate opposite to the selection gate, a second impurity region
adjacent to a sidewall of the selection gate opposite to the
floating gate, and a third impurity region between the selec-
tion gate and the floating gate.

According to further embodiments, a method of operating
a cell array portion of a single-layered gate EEPROM device
1s provided. The cell array portion includes a plurality of unit
cells arrayed on a substrate along rows and columns, a plu-
rality of bit lines connected to the plurality of umit cells, a
plurality of word lines connected to the plurality of unit cells,
a plurality of control gate lines connected to the plurality of
unit cells, and a common source line connected to the plural-
ity of unit cells. The method of operating the cell array portion
of the single-layered gate EEPROM device includes erasing
the plurality of unit cells by applying a positive erasure volt-
age to the common source line and by applying a ground
voltage to the plurality of control gate lines.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention will become more
apparent 1n view of the attached drawings and accompanying
detailed description, in which:

FIG. 1 1s a layout diagram 1llustrating a basic cell array
portion of a single-layer gate EEPROM device according to
an embodiment;

FIG. 2 1s a layout diagram 1llustrating a first unit cell of

FIG. 1;
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FIG. 3 1s a cross-sectional view taken along a line I-I' of
FIG. 2 according to an embodiment;

FIG. 4 15 a cross-sectional view taken along a line II-1I' of
FIG. 2 according to an embodiment;

FIG. 5 1s an equivalent circuit of the first unit cell shown 1n
FIG. 2;

FIG. 6 1s atable 1llustrating an operation of the first unit cell
shown 1n FIG. 2 according to an embodiment;

FIG. 7 1s a cross-sectional view taken along the line I-I' of
FIG. 2 according to another embodiment;

FIG. 8 1s an equivalent circuit of the basic cell array portion
shown 1n FIG. 1;

FIG. 9 1s an equivalent circuit of a cell array including the
basic cell array portion shown 1n FIG. 8;

FIG. 10 1s a table 1llustrating an operation of the cell array
shown 1n FIG. 9 according to an embodiment;

FIG. 11 1s a layout diagram 1llustrating a basic cell array
portion of a single-layer gate EEPROM device according to
another embodiment;

FIG. 12 1s a cross-sectional view taken along a line I1I-11T
of FIG. 11 according to an embodiment;

FIG. 13 1s across-sectional view taken along the line ITI-11I'
of FIG. 11 according to another embodiment;

FIG. 14 1s an equivalent circuit of the basic cell array
portion shown in FIG. 11;

FIG. 15 15 a table illustrating an operation of the basic cell
array portion shown in FIG. 14 according to an embodiment;

FIG. 16 1s an equivalent circuit of a cell array including the
basic cell array portion shown 1n FIG. 14; and

FIG. 17 1s a table 1llustrating an operation of the cell array
shown 1n FIG. 16 according to an embodiment.

L1

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

Heremaiter, embodiments of the present disclosure will be
described 1n detail with reference to the accompanying draw-
ngs.

FIG. 1 1s a layout diagram 1illustrating a basic cell array
portion 10 of a single-layer gate EEPROM device according
to an embodiment. The basic cell array portion 10 includes a
first unit cell 100, a second unit cell 200, a third unit cell 300,
and a fourth unit cell 400. The first, second, third, and fourth
unit cells 100, 200, 300, and 400 are disposed at an upper-left
corner, an upper-right corner, alower-left corner, and a lower-
right corner, respectively. Although the basic cell array por-
tion 10 1s configured to include four umit cells arrayed ina 2x2
matrix, the present invention is not limited thereto. In another
embodiment, the basic cell array portion 10 1s configured to
include a plurality of unit cells arrayed 1n a 2xn matrix, n
denoting a natural number equal to or greater than 3. The first,
second, third, and fourth unit cells 100, 200, 300 and 400
share a first well region 510. In an embodiment, the first well
region 510 1s an N-type well region.

The first, second, third, and fourth unit cells 100, 200, 300,
and 400 include floating gates 610, 610-2, 610-3, and 610-4,
respectively. A portion of the floating gate 610 of the first unit
cell 100 overlaps with an upper-leit portion of the first well
region 310, and a portion of the floating gate 610-2 of the
second unit cell 200 overlaps with an upper-right portion of
the first well region 510. Further, a portion of the floating gate
610-3 of the third unit cell 300 overlaps with a lower-left
portion of the first well region 510, and a portion of the
floating gate 610-4 of the fourth unit cell 400 overlaps with a
lower-right portion of the first well region 510. That 1s, the
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portions of the floating gates 610, 610-2, 610-3, and 610-4
overlap with corresponding portions of the first well region
510, respectively.

In a plan view of F1G. 1, the first and second unit cells 100
and 200 are disposed to be line symmetric with respect to a
vertical straight line therebetween. The first and third unait
cells 100 and 300 are disposed to be line symmetric with
respect to a horizontal straight line therebetween. The first
and fourth unit cells 100 and 400 are disposed to be point
symmetric with respect to a central point of the basic cell
array portion 10. That 1s, the fourth unit cell 400 1s obtained by
turning the first unit cell 100 by 180°. Thus, the second and
tourth unit cells 200 and 400 are line symmetric with respect
to a horizontal straight line therebetween, and the third and
tourth unit cells 300 and 400 are line symmetric with respect

to a vertical straight line therebetween. As a result, the first,
second, third, and fourth unit cells 100, 200, 300, and 400

may have substantially the same structure. Accordingly, here-
inafter, only a structure of the first unit cell 100 will be
described, and descriptions of the structures of the second to
fourth unit cells 200, 300, and 400 will be omitted for the
simplicity of explanation.

FI1G. 2 1s a layout diagram 1llustrating the first unit cell 100
of FIG. 1. FIG. 3 1s a cross-sectional view of the first unit cell
100 taken along a line I-I' of FIG. 2 according to an embodi-
ment. FI1G. 4 1s a cross-sectional view of the first unit cell 100
taken along a line II-1I' of FIG. 2 according to an embodiment.

Referring to FIGS. 2, 3, and 4, the first unit cell 100
includes the first well region 510 and a second well region 520
in a substrate 500. The second well region 520 1s spaced apart
from the first well region 510 by a distance d 1n a first direc-
tion, for example, an X-axis direction. The second well region
520 may have an opposite conductivity type to that of the first
well region 510. In an embodiment, the first well region 510
has an N-type conductivity, and the second well region 520
has a P-type conductivity. In an embodiment, the substrate
500 includes a P-type substrate.

A contact region 506 1s disposed on the first well region
510. The contactregion 506 has an opposite conductivity type
to that of the first well region 510. In an embodiment, when
the first well region 510 has an N-type conductivity, the
contact region 506 1s heavily doped with P-type impurities.

An active region 504 1s disposed 1n the second well region
520. The active region 504 includes a first impurity region
531, a second impurity region 332, and a third impurity region
533. The third impurity region 333 1s disposed between the
first and second impurity regions 531 and 3532. The first,
second, and third impurity regions 531, 532, and 533 have an
opposite conductivity type to that of the second well region
520. In an embodiment, when the second well region 520 has
a P-type conductivity, the first, second, and third impurity
regions 531, 532, and 533 have an N-type conductivity.

In an embodiment, the first impurity region 531 corre-
sponds to a source region of the first unit cell 100, and the
second 1mpurity region 332 corresponds to a drain region of
the first unit cell 100. The active region 504 1s disposed to
extend 1n a second direction that 1s perpendicular to the first
direction. That 1s, the active region 504 extends 1n a Y-axis
direction. The active region 504 and the contact region 506
are defined by an 1solation layer 502. In an embodiment, the
1solation layer 502 includes a trench 1solation layer.

A first msulation layer 612 1s disposed over the first well
region 510 and the second well region 520, and the floating,
gate 610 1s disposed on the first insulation layer 612. The
floating gate 610 partially overlaps with the contact region
506 at its edges.
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The contact region 506 may be formed by implanting
impurity 1ons into the first well region 510 using the floating
gate 610 as an 1on implantation mask. Therefore, the contact
region 506 may slightly overlap with the edges of the floating
gate 610 as shown 1n FIG. 4. As a result, 1f a negative erasure
voltage 1s applied to the contact region 506 acting as a control
gate and a positive erasure voltage 1s applied to the first
impurity region 531 acting as a common source region in
order to erase data stored in the first unit cell 100, a coupling
voltage may be induced at the tloating gate 610.

In such a case, the coupling voltage induced at the floating,
gate 610 may be determined by a coupling ratio of the first
unit cell 100. That 1s, when the first well region 510 has an
N-type and the contact region 506 has a P-type, the coupling
ratio 1n an erasure mode may be proportional to the perimeter
capacitance between the floating gate 610 and the contact
region 506. Accordingly, as 1llustrated 1in FIG. 2, the floating
gate 610 over the first well region 510 1s formed to have a
comb-shaped configuration or a finger-shaped configuration
to increase a perimeter of the tloating gate 610, which directly
alfects the coupling ratio 1n the erasure mode. The tloating
gate 610 may include a polysilicon layer.

The floating gate 610 and the first imsulation layer 612
intersect the 1solation layer 502 between the first well region
510 and the second well region 520, and extend 1n the first
direction, 1.e., the X-axis direction, to overlap with the second
well region 520. That 1s, the floating gate 610 and the first
insulation layer 612 on the second well region 520 are dis-
posed to have a stripe shape extending along the X-axis direc-
tion. The floating gate 610 and the first insulation layer 612
extending over the second well region 520 intersect the active
region 504. Thus, the floating gate 610 and the first insulation
layer 612 overlap with a portion of the active region 504, as
illustrated 1n FIG. 2.

A second insulation layer 622 1s disposed on the second
well region 520, and a selection gate 620 1s disposed on the
second insulation layer 622. In an embodiment, the selection
gate 620 includes the same material layer as that of the tloat-
ing gate 610. In an embodiment, the floating gate 610 and the
selection gate 620 include a polysilicon layer. The selection
gate 620 and the second insulation layer 622 are disposed on
the second well region 520 to have a stripe shape extending in
the X-axis direction.

The selection gate 620 1s disposed to be spaced apart from
and parallel with the floating gate 610 on the second well
region 520. The selection gate 620 and the second 1nsulation
layer 622 intersect the active region 304. That is, the selection
gate 620 and the second nsulation layer 622 overlap with a
portion of the active region 504 as shown 1n FIG. 2.

The floating gate 610 and the selection gate 620 on the
second well region 520 divide the active region 504 1into three
regions. That 1s, the first impurity region 331 of the active
region 504 1s disposed at one side of the floating gate 610, and
the second impurity region 532 of the active region 504 1s
disposed at one side of the selection gate 620. The third
impurity region 333 of the active region 504 1s disposed at the
respective other sides of the selection gate 620 and the tloat-
ing gate 610, 1.e., between the selection gate 620 and the
floating gate 610 intersecting the active region 504.

A first contact 541 1s disposed on the first impurity region
531, and a second contact 342 1s disposed on the second
impurity region 532. Further, a third contact 543 1s disposed
on the contact region 506. The first contact 541 may be
clectrically connected to a first electrode (not shown), and the
second contact 542 may be electrically connected to a second
clectrode (not shown). The third contact 543 may be electri-
cally connected to a third electrode (not shown).
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FIG. 5 illustrates an equivalent circuit of the first unit cell
100 shown in FIG. 2 according to an embodiment of the
present mvention. Referring to FIGS. 2 and 5, the first umit
cell 100 1s expressed by an equivalent circuit including a cell
transistor CT and a selection transistor ST which are serially
connected to each other.

The cell transistor CT may include the floating gate 610,
the first impurity region 531, and the third impurnty region
533. The selection transistor ST may include the selection
gate 620, the second impurity region 332, and the third impu-
rity region 533. The cell transistor CT may share the third
impurity region 533 with the selection transistor ST.

In FIG. §, the cell transistor CT includes a tloating gate
terminal FG, a source terminal S, and a connection terminal J.
The floating gate terminal FG may correspond to the floating
gate 610 of FIG. 2. The floating gate terminal FG may be
capacitively coupled to a control gate electrode CG corre-
sponding to the contact region 506 of FIG. 2. The source
terminal S may correspond to the first impurity region 531 of
FIG. 2. The source terminal S 1s electrically connected to a
common source line CS. The connection terminal 3, which 1s
shared by the cell transistor CT and the selection transistor
ST, may correspond to the third impurity region 533 of FIG.
2.

The selection transistor ST includes a selection gate termi-
nal SG, a drain terminal D, and the connection terminal J. The
selection gate terminal SG may correspond to the selection
gate 620 ol FIG. 2. A selection gate voltage may be applied to
the selection gate terminal SG. The drain terminal D may
correspond to the second impurity region 532 of FIG. 2. The
drain terminal D 1s electrically connected to a bit line B/L.

FI1G. 6 15 atablellustrating an operation of the first unit cell
100 shown in FIG. 2 according to an embodiment. The opera-
tion will be described with reference to FIGS. 2, 3, 5, and 6.

A program operation of the first unit cell 100 may be
achieved by a hot carrier injection mechanism. In more detail,
first, second, and third positive program voltages +V, ,,
+V 5, and +V 5 may be respectively applied to the control
gate electrode CG, the selection gate terminal SG, and the bit
line B/L 1 order to program the first unit cell 100 using the hot
carrier mjection mechanism. During the program operation,
the common source line CS and the substrate 500 such as a
P-type substrate may be grounded. Further, the first well
region 510, that 1s, the N-type well region may be floated.

As described above, the first unit cell 100 has a structure
that can be programmed using the hot carrier injection
mechanism. Thus, a maximum program voltage, e.g., the first
positive program voltage +V  ,, used in the program opera-
tion of the first unit cell 100 with the hot carrier injection
mechanism may be lower than that used 1n a program opera-
tion using a Fowler-Nordheim (FN) tunneling mechanism by
about 2V to 3V. As a result, the power consumption of an
EEPROM device including the first unit cell 100 may be
reduced. This may lead to reduction in the size or number of
logic elements, such as high voltage transistors, which are
used to drive the first positive program voltage +V .

Under the bias condition described above in the program
operation, a positive voltage may be induced at the floating
gate FG (610) by a coupling ratio that 1s proportional to
perimeter capacitance between the floating gate FG (610) and
the control gate CG (1.e., the contact region 506). Further, the
selection transistor ST may be turned on by the second posi-
tive program voltage +V__, applied to the selection gate SG

2
(620), and thus the thir}calp positive program voltage +V , ,
applied to the bit line B/L (e.g., the second impurity region
532)may be transmitted to the connection terminal 3 (e.g., the

third impurity region 5333). The positive voltage induced at the
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Hloating gate 610 and the third positive program voltage +V ,
transmitted to the connection terminal 3 (i.e., the third impu-
rity region 533) may generate a strong electric field under the
floating gate 610, and thus hot electrons may be generated and
injected into the floating gate 610 by the strong electric field
generated under the floating gate 610. As a result, a threshold
voltage of the cell transistor CT may be positively increased
to program the first unit cell 100.

An erasure operation of the first umt cell 100 may be
achieved by a band-to-band tunneling (BTBT) mechanism.
Specifically, the first unit cell 100 may be erased by applying
a negative erasure voltage —V __, to the control gate electrode
CG and a positive erasure voltage +V__, to the common
source line CS. During the erasure operation, the selection
gate SG (620), the bit line B/L, and the first well region 510
(1.e., the N-type well region) may be tloated, and the substrate
500, for example, a P-type substrate may be grounded. As
described above, the first unit cell 100 has a structure that can
be erased using the band-to-band tunneling mechanism.
Thus, an absolute value of the negative erasure voltage -V __,
applied to the control gate electrode CG that 1s used 1n the
erasure operation of the first unit cell 100 with the band-to-
band tunneling mechanism may be smaller than that used in
an erasure operation using the Fowler-Nordheim (FN) tun-
neling mechanmism by about 8V to 12V. As a result, the power
consumption of an EEPROM device including the first unit
cell 100 may be reduced. This may lead to reduction 1in the
s1ze or number of logic elements, such as high voltage tran-
sistors, which are used to drive the negative erasure voltage
—Veer-

Under the bias condition described above in the erasure
operation, a predetermined voltage may be induced at the
floating gate FG (610) by a coupling ratio that is proportional
to the perimeter capacitance between the floating gate FG
(610) and the control gate CG (i.e., the contact region 506),
and hot holes may be 1njected into the floating gate FG by a
band-to-band tunneling current (corresponding to a gate
induced drain leakage (GIDL) current) that flows through a
junction between the first impurity region 531 connected to
the common source line CS and the second well region 520
connected to a ground terminal. The hot hoes 1njected into the
floating gate FG may be recombined with electrons 1n the
floating gate FG to lower a threshold voltage of the cell
transistor CT. As a result, data stored 1n the first unit cell 100
may be erased.

To achieve a read operation of the first unit cell 100, a
positive bit line voltage +V ,, may be applied to the bit line
B/LL and a positive selection gate voltage +V .~ may be
applied to the selection gate SG (620). Further, a positive read
voltage +V ,__ . may be applied to the control gate electrode
CG (506), and the second well region 520 and the common
source line CS may be grounded. The positive read voltage
+V __may be setto have a voltage level between a threshold
voltage of the erased unit cell 100 and a threshold voltage of
the programmed unit cell 100.

Under the bias condition described above 1n the read opera-
tion, the selection transistor ST may be turned on by the
positive selection gate voltage +V - applied to the selection
gate SG (620). Accordingly, the positive bitline voltage +V 5,
may be transmitted to the third impurity region 533 through
the second impurity region 532. The cell transistor CT may be
turned on or turned ofl according to a threshold voltage
thereof when the positive read voltage +V ,__ ,1s applied to the
control gate electrode CG (506). If the cell transistor CT 1s
programmed to have a threshold voltage higher than the posi-
tive read voltage +V ,__ ., the cell transistor CT may be turned
ol even though the positive read voltage +V,_ ,1s applied to
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the control gate electrode CG (506). In contrast, 1 the cell
transistor CT 1s erased to have a threshold voltage lower than
the positive read voltage +V ,__ ., the cell transistor CT may be
turned on when the positive read voltage +V __ ,1s applied to
the control gate electrode CG (506). Accordingly, a sense
amplifier (not shown) connected to the bit line B/L can deter-

mine whether the first unit cell 100 1s programmed or erased
by detecting a cell current that flows through the bit line B/L.

FIG. 7 1s a cross-sectional view of the first unit cell 100
taken along the line I-I' of FIG. 2 according to another
embodiment. In FIGS. 3 and 7, the same reference numerals
denote the same elements. Thus, descriptions of the same
clements as illustrated in FIG. 3 may be omitted or brietly
mentioned for the simplicity of explanation.

Referring to FIG. 7, the first unit cell 100 may be integrated
on a substrate 500 together with logic circuits using the same
process. In general, impurity regions of transistors constitut-
ing the logic circuits may have a lightly-doped drain (LDD)
structure. Thus, first to third impurity regions 531, 532, and
533, which are simultaneously formed with the impurity
regions of the transistors of the logic circuits, may also have
the LDD structure.

In FIG. 7, the first impurity region 531 includes a first
extended 1mpurity region 531a and a first deep 1mpurity
region 5315, and the second 1impurity region 532 includes a
second extended impurity region 532q and a second deep
impurity region 3325. Similarly, the third impurity region 533
includes a third extended impurity region 533a and a third
deep impurity region 533b. Herein, the third extended impu-
rity region 533a 1s formed under both of a floating gate 610
and a selection gate 620. To form the first to third impurity
regions 531, 532, and 533 having the LDD structure, first gate
spacers 614 are formed on sidewalls of the floating gate 610,
and second gate spacers 624 are formed on sidewalls of the
selection gate 620.

A first halo region 531c¢ and a second halo region 533c¢ are
disposed under both edges of the floating gate 610 and sur-
round a sidewall of the first extended impurity region 531a
and a sidewall of the third extended impurity region 533a
under the floating gate 610, respectively. Although not shown
in the drawings, during formation of the first and second halo
regions 531c and 3533c, other halo regions may be formed
under both edges of the selection gate 620 to surround a
sidewall of the second extended impurity region 532a and a
sidewall of the third extended impurity region 533a under the
selection gate 620, respectively.

The third extended impurity region 333q under the floating
gate 610 may suppress generation of hot electrons. The sec-
ond halo region 533¢ surrounding the third extended impurity
region 333aq under the floating gate 610 may increase an
clectric field generated between the third impurity region 533
and the second well region 520 under the tloating gate 610
during a program operation. This 1s because the halo regions
531¢ and 533¢ have the same conductivity type as that of the
second well region 520 and the impurity concentration of the
halo regions 531c¢ and 533c¢ 1s higher than that of the second
well region 520. Accordingly, a generation rate of electron-
hole pairs in the vicinity of the third impurity region 533 may
be increased due to the presence of the second halo region
533c. As a result, a program efficiency of the first unit cell of
FIG. 7 1s improved.

FI1G. 8 illustrates an equivalent circuit of the basic cell array
portion 10 shown in FIG. 1. The basic cell array portion 10
includes the first unit cell 100, the second unit cell 200, the
third cell unit 300, and the fourth unit cell 400, which are
arrayed 1n a matrix form.
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The firstunit cell 100 includes a first cell transistor C'T1 and
a first selection transistor ST1, which are serially connected to
each other, as described with reference to FIG. 5. The first cell
transistor CT1 includes a first control gate electrode CG1, a
first floating gate FG1, and a first source terminal S1. The first
selection transistor ST1 includes a first selection gate SG1
and a first drain terminal D1.

The second unit cell 200 includes a second cell transistor

C'12 and a second selection transistor ST2, which are serially
connected to each other. The second cell transistor CT2
includes a second control gate electrode CG2, a second float-
ing gate FG2, and a second source terminal S2. The second
selection transistor ST2 includes a second selection gate SG2
and a second drain terminal D2.
The third unit cell 300 includes a third cell transistor C13
and a third selection transistor ST3, which are serially con-
nected to each other. The third cell transistor CT3 includes a
third control gate electrode CG3, a third floating gate FG3,
and a third source terminal S3. The third selection transistor
ST3 includes a third selection gate SG3 and a third drain
terminal D3.

The fourth unit cell 400 includes a fourth cell transistor
C'T4 and a fourth selection transistor ST4, which are serially
connected to each other. The fourth cell transistor CT4
includes a fourth control gate electrode CG4, a fourth tloating
gate FG4, and a fourth source terminal S4. The fourth selec-
tion transistor ST4 includes a fourth selection gate SG4 and a
fourth drain terminal 1D4.

As described with reference to FIG. 1, a portion of the
floating gate 610 of the first unit cell 100, a portion of the
floating gate 610-2 of the second unit cell 200, a portion of the
floating gate 610-3 of the third unit cell 300, and a portion of
the floating gate 610-4 of the fourth unit cell 400 overlap with
corresponding portions of the first well region 510, respec-
tively. Thus, the first tloating gate FG1 of the first cell tran-
sistor CT1, the second floating gate FG2 of the second cell
transistor C12, the third floating gate FG3 of the third cell
transistor CT3, and the fourth tloating gate FG4 of the fourth
cell transistor CT4 are capacitively coupled to the contact
region 506 1n the first well region 510. The contact region 506

may act as the first to fourth control gate electrodes CGl,
CG2, CG3, and CG4, and the first to fourth control gate

clectrodes CG1, CG2, CG3, and CG4 are commonly con-
nected to a first control gate line ACG1.

The first selection gate SG1 of the first selection transistor
ST1 and the second selection gate SG2 of the second selection
transistor ST2 are electrically connected to a first word line
WL1, and the third selection gate SG3 of the third selection
transistor ST3 and the fourth selection gate SG4 of the fourth
selection transistor ST4 are electrically connected to a second
word line WL2.

The first source terminal S1 of the first unit cell 100, the
second source terminal S2 of the second unit cell 200, the
third source terminal S3 of the third unit cell 300, and the
fourth source terminal S4 of the fourth unit cell 400 are
connected to a common source line CS. The first drain termi-
nal D1 of the first unit cell 100 and the third drain terminal D3
of the third unit cell 300 are connected to a first bit line BL.1,
and the second drain terminal D2 of the second unit cell 200
and the fourth drain terminal D4 of the fourth unit cell 400 are
connected to a second bit line BL2.

FIG. 91llustrates an equivalent circuit of a cell array includ-
ing the basic cell array portion shown 1n FIG. 8. Referring to
FIG. 9, the basic cell array portion shown 1n FIG. 8 1s two-
dimensionally arrayed 1n a (n/2)x(m/2) matrix to constitute a
cell array of a single layered gate EEPROM device according
to an embodiment. That 1s, the basic cell array portion shown
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in FIG. 8 1s repeatedly arrayed n/2 times 1n a row direction,
and a plurality of basic cell array portions arranged 1n the row
direction 1s repeatedly arrayed m/2 times 1n a column direc-
tion. The first control gate line ACG1 are connected to the
control gate electrodes CG1, CG2, CG3, and CG4 of each of 5
(n/2) number of basic cell array portions 1n a first row. Simi-
larly, a K” control gate line ACGk is connected to the control
gate electrodes CG1, CG2, CG3, and CG4 of each of (n/2)
number of basic cell array portions in a (m/2)” row.

A first word line WL1 1s electrically connected to the first 10
selection gate SG1 of the first selection transistor ST1 and the
second selection gate SG2 of the second selection transistor
ST2 of each of the (n/2) number of basic cell array portions
that are arrayed 1n the first row. A second word line WL2 1s
clectrically connected to the third selection gate SG3 of the 15
third selection transistor ST3 and the fourth selection gate
S(G4 of the fourth selection transistor ST4 of each of the (n/2)
number of basic cell array portions that are arrayed in the first
row. In the same manner, a (m-1)” word line WLm-1 is
clectrically connected to the first selection gate SG1 of the 20
first selection transistor ST1 and the second selection gate
SG2 of the second selection transistor ST2 of each of (n/2)
number of basic cell array portions that are arrayed in a
(m/2)” row, and an m” word line WLm is electrically con-
nected to the third selection gate SG3 of the third selection 25
transistor ST3 and the fourth selection gate SG4 of the fourth
selection transistor ST4 of each of the (n/2) number of basic
cell array portions that are arrayed in the (m/2)” row.

A first bit line BL1 1s electrically connected to the first
drain terminal D1 of the first unit cell 100 and the third drain 30
terminal D3 of the third unit cell 300 of each of (m/2) number
of basic cell array portions that are arrayed 1n a first column.

A second bit line BL2 1s electrically connected to the second
drain terminal D2 of the second unit cell 200 and the fourth
drain terminal D4 of the fourth unit cell 400 of each of the 35
(m/2) number of basic cell array portions that are arrayed 1n
the first column. In the same manner, an n”” bit line BLn is
clectrically connected to the second drain terminal D2 of the
second unit cell 200 and the fourth drain terminal D4 of the
fourth unit cell 400 of each of (m/2) number of basic cell array 40
portions that are arrayed in a (n/2)” column.

The common source line CS 1s electrically connected to the
first to fourth source terminals S1, S2, S3, and S4 of each of
(n/2)x(m/2) number of basic cell array portions arrayed 1n all
rows and all columns 1n the (n/2)x(m/2) matrix. 45

FIG. 10 1s a table 1llustrating an operation of the cell array
shown 1 FIG. 9. In an embodiment, a single unit cell of a
single-layer gate EEPROM device 1s selectively pro-
grammed, and data stored in the single unit cell 1s selectively
read out. On the other hand, all the unit cells 1n the cell array 50
are simultaneously erased during an erasure operation.

The program operation may be achieved using a hot carrier
injection mechanism, and the erasure operation may be
achieved using a band-to-band tunneling (BTBT) mechanism
causing a hot hole injection phenomenon. Herematter, a 55
method of operating a single-layer gate EEPROM device
according to an embodiment will be described 1n conjunction
with an illustrative example in which the first unit cell 100 1n
FIG. 9 1s selectively programmed and read out.

Referring to FIGS. 9 and 10, the first unit cell 100 located so
at an intersection of a first row and a first column 1s selectively
programmed by applying a {first positive program voltage
+V ., to the first control gate line ACG1, a second positive
program voltage +V ,., to the first word line WL1, and a third
positive program voltage +V ., to the first bit line BL1. 65
During the program operation, the common source line CS
may be grounded. Under the above bias condition, hot elec-
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trons may be injected into the first floating gate of the selected
first unit cell 100 to increase a threshold voltage of the
selected first unit cell 100. Accordingly, the selected first unit
cell 100 1s programmed.

During the program operation, the non-selected second
unit cell 200 connected to the first word line WL1 and the
second bit line BL2 1s not programmed because no bias 1s
applied to the second bit line BL2, e.g., a ground voltage is
applied to the second bit line BL2. This 1s so even though the
first positive program voltage +V ., 1s applied to the first
control gate line ACG1 and the second positive program
voltage +V 5, 1s applied to the first word line WL1.

During the program operation, the non-selected fourth unit
cell 400 connected to the second bit line BL2 and the second
word line WL2 1s not programmed because no bias 1s applied
to the second bit line BL.2 and the second word line WL2, e.g.,
a ground voltage 1s applied to the second bit line BL2 and the
second word line WL2. This 1s so even though the first posi-
tive program voltage +V ., 1s applied to the first control gate
line ACG1 connected to the non-selected fourth unit cell 400.

During the program operation, the non-selected third unit
cell 300 connected to the first bit line BLL1 and the second
word line WL2 1s not programmed because no bias 1s applied
to the second word line WL2, e.g., a ground voltage 1s applied
to the second word line WL2. This 1s so even though the first
positive program voltage +V », 1s applied to the first control
gate line ACG1 connected to the non-selected third unit cell
300 and the third positive program voltage +V ., 1s applied to
the first bit line BL1 connected to the non-selected third unit
cell 300.

An erasure operation of the single-layer gate EEPROM
device according to an embodiment may be achieved by
applying a negative erasure voltage -V __, to all the control
gate lines ACG1~ACGk and a positive erasure voltage +V __,
to the common source line CS. Because all the unit cells share
the common source line CS and the negative erasure voltage
-V __, 1s applied to all the control gate lines ACG1~ACGKk, all
the unit cells including the first to fourth unit cells 100, 200,
300, and 400 are under the same bias condition. Thus, thresh-
old voltages of all the unit cells may be lowered by a BIBT
mechanism during the erasure operation. As a result, all the
unit cells are erased.

Data stored 1n the first unit cell 100 located at the intersec-
tion of the first row and the first column may be selectively
read out by applying a positive bit line voltage +V 5, to the
first bitline BLL1, a positive selection gate voltage +V - to the
first word line WL 1, and a positive read voltage +V __ ,to the
first control gate line ACG1.

During the read operation, the common source line CS may
be grounded. The positive read voltage +V, . may be set to
have a voltage level between a threshold voltage of the pro-
grammed unit cell and a threshold voltage of the erased unit
cell. Under the above bias condition, a sense amplifier (not
shown) connected to the first bit line BL1 can determine
whether the selected first unit cell 100 1s programmed or
erased by detecting a cell current that flows through the first
bit line BL1.

During the read operation, data stored in the non-selected
second unit cell 200 connected to the second bit line BLL.2 and
the first word line WL1 1s not read out because no bias 1s
applied to the second bit line BL2, e.g., a ground voltage is
applied to the second bit line BL2. This 1s so even though the
positive selection gate voltage +V . 1s applied to the first
word line WL1 and the positive read voltage +V . 1s applied
to the first control gate line ACG1.

During the read operation, data stored 1n the non-selected
third unit cell 300 connected to the first bit line BLL1 and the
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second word line WL2 1s not read out because no bias 1s
applied to the second word line WL2, e.g., a ground voltage 1s
applied to the second word line WL2. This 1s so even though
the positive bit line voltage +V 5, 1s applied to the first bit line
BL1 and the positive read voltage +V ,__ 15 applied to the first
control gate line ACG1.

During the read operation, data stored 1n the non-selected
tourth unit cell 400 connected to the second bit line BLL.2 and
the second word line WL2 1s not read out because no bias 1s
applied to the second bit line BL2 and the second word line
WL2, e.g., a ground voltage 1s applied to the second bit line
BL.2 and the second word line WL2. This 1s so even though the
positive read voltage +V __ 1s applied to the first control gate
line ACG1.

According to the embodiments set forth above, limitations
in designing a layout of a cell array may be reduced, and any
program disturbances or any read disturbances may be pre-
vented even though an extra inhibition bias generation circuit
1s not included. Thus, the reliability of the single-layer gate
EEPROM device may be improved. In addition, program
voltages and erasure voltages may be lowered since the area
of aregion that a peripheral circuitregion occupies 1s reduced.
Moreover, a breakdown voltage characteristic between the
first and second well regions may be improved.

FIG. 11 illustrates a basic cell array portion of a single-
layer gate EEPROM device according to another embodi-

ment. The basic cell array portion includes a first unit cell
1000, a second unit cell 2000, a third unit cell 3000, and a

fourth unit cell 4000.

The first and third unit cells 1000 and 3000 are disposed at
a left side of a vertical straight line S000R, which 1s parallel
with a Y-axis, and the second and fourth unit cells 2000 and
4000 are disposed at a right side of the vertical straight line
5000R.

In particular, the first unit cell 1000 1s disposed at an upper-
lett side of the vertical straight line 5000R, and the third unit
cell 3000 1s disposed at a lower-lett side of the vertical straight
line S000R. The second unit cell 2000 1s disposed at an
upper-right side of the vertical straight line S000R, and the
tourth unit cell 4000 1s disposed at a lower-right side of the
vertical straight line 5000R. The layouts of the first unit cell
1000 and the second unit cell 2000 may be symmetric to each
other across the vertical straight line 5000R, and the layouts
of the third unit cell 3000 and the fourth unit cell 4000 may
also be symmetric to each other across the vertical straight
line 5000R.

Although the basic cell array portion of FIG. 11 1s config-
ured to include four unit cells arrayed 1in a 2x2 matrix, the
present invention 1s not limited thereto. In another embodi-
ment, the basic cell array portion 1s configured to include a
plurality of unit cells arrayed 1n a 2xn matrix, n denoting a
natural number equal to or greater than 3. All of the first,
second, third, and fourth unit cells 1000, 2000, 3000, and
4000 are disposed on a single well region 5100. A contact
region 5200 1s disposed in the well region 5100. In an embodi-
ment, the well region 5100 has a P-type conductivity, and the
contact region 5200 has an N-type conductivity.

The first, second, third, and fourth unit cells 1000, 2000,
3000, and 4000 include tloating gates 6100, 6200, 6300, and
6400, respectively. A portion of the floating gate 6100 of the
first unit cell 1000 may be disposed to overlap with an upper-
left portion of the contact region 5200, and a portion of the
floating gate 6200 of the second unit cell 2000 may be dis-
posed to overlap with an upper-right portion of the contact
region 5200. Further, a portion of the floating gate 6300 of the
third unit cell 3000 may be disposed to overlap with a lower-
left portion of the contact region 5200, and a portion of the
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floating gate 6400 of the fourth unit cell 4000 may be dis-
posed to overlap with a lower-right portion of the contact
region 5200.

That 1s, a portion of the tloating gate 6100 of the first unit
cell 1000, a portion of the floating gate 6200 of the second unit
cell 2000, a portion of the floating gate 6300 of the third unit
cell 3000, and a portion of the floating gate 6400 of the fourth
unit cell 4000 may all overlap with the contact region 5200. In
this embodiment, the portion of each floating gate 6100,
6200, 6300 or 6400 disposed over the contact region 5200 1s
referred to as a first floating part, and the remaining portion of
cach tloating gate 6100, 6200, 6300 or 6400 extending onto
the well region 5100 outside the contact region 5200 1s
referred to as a second tloating part.

In an embodiment, the contact region 5200 1s formed by
implanting N-type impurity 1ons mnto the well region 5100
using the tloating gates 6100, 6200, 6300 and 6400 as 10n
implantation masks. Thus, the contact region 5200 may over-
lap with edges of the floating gates 6100, 6200, 6300, and

6400 disposed over the contact region 5200.
The first, second, third, and fourth unit cells 1000, 2000,

3000, and 4000 include active regions 3041, 5042, 5043, and
5044 disposed to be parallel with an X-axis, respectively.
Further, the first and third unit cells 1000 and 3000 share a
selection gate 6201 that intersects the active regions 5041 and
5043 and 1s parallel with the Y-axis, and the second and fourth
unmt cells 2000 and 4000 share a selection gate 6202 that
intersects the active regions 5042 and 5044 and 1s parallel
with the Y-axis.

The active regions 5041, 5042, 5043, and 5044 are dis-
posed over the well region 5100 and apart from the contact
region 5200. The second tloating part of the floating gate 6100
extends to 1ntersect the active region 5041 1n the first unit cell
1000, and the second tloating part of the floating gate 6200
extends to intersect the active region 5042 1n the second unit
cell 2000. In the same manner, the second tloating part of the
floating gate 6300 extends to intersect the active region 5043
in the third unit cell 3000, and the second floating part of the
floating gate 6400 extends to intersect the active region 5044
in the fourth unit cell 4000. As described above, the first and
third unit cells 1000 and 3000 share the single selection gate
6201, and the second and fourth unit cells 2000 and 4000
share the single selection gate 6202.

The active region 5041 of the first unit cell 1000 includes a
first impurity region 5311 that 1s disposed at one side of the
second floating part of the floating gate 6100, a second impu-
rity region 5321 that 1s at one side of the selection gate 6201,
and a third impurity region 5331 that 1s disposed at the respec-
tive other sides of the selection gate 6201 and the second
floating part of the tloating gate 6100, 1.¢., between the selec-
tion gate 6201 and the floating gate 6100 intersecting the
active region 5041. The first impurity region 3311 may act as
a source region of the first unit cell 1000, and the second
impurity region 5321 may act as a drain region of the first unit

cell 1000.
The active region 5042 of the second unit cell 2000
includes a first impurity region 5312 that 1s disposed at one

side of the second floating part of the floating gate 6200, a
second impurity region 5322 that 1s disposed at one side of the
selection gate 6202, and a third impurity region 5332 that 1s
disposed at the respective other sides of the selection gate
6202 and the second floating part of the floating gate 6200,
1.¢., between the selection gate 6202 and the floating gate
6200 intersecting the active region 5042. The {irst impurity
region 3312 may act as a source region of the second unit cell
2000, and the second impurity region 5322 may act as a drain
region of the second unit cell 2000.
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The active region 5043 of the third unit cell 3000 includes
a first impurity region 5313 that i1s disposed at one side of the
second floating part of the floating gate 6300, a second impu-
rity region 5323 that 1s disposed at one side of the selection
gate 6201, and a third impurity region 5333 that 1s disposed at
the respective other sides of the selection gate 6201 and the
second tloating part of the floating gate 6300, 1.¢., between the
selection gate 6201 and the floating gate 6300 intersecting the
active region 5043. The first impurity region 5313 may act as
a source region of the third unit cell 3000, and the second
impurity region 3323 may act as a drain region of the third
unit cell 3000.

The active region 5044 of the fourth unit cell 4000 includes
a first impurity region 5314 that i1s disposed at one side of the
second floating part of the floating gate 6400, a second 1mpu-
rity region 5324 that 1s disposed at one side of the selection
gate 6202, and a third impurity region 5334 that 1s disposed at
the respective other sides of the selection gate 6202 and the
second floating part of the second floating part of the floating
gate 6400, 1.¢., between the selection gate 6202 and the float-
ing gate 6400 intersecting the active region 5044. The first
impurity region 5314 may act as a source region of the fourth
unit cell 4000, and the second impurity region 5324 may act
as a drain region of the fourth unit cell 4000.

First contacts 5430 are disposed on the contact region 5200
to apply a bias voltage to the contact region 5200. Positions of
the first contacts 5430 on the contact region 5200 may be
changed in various embodiments.

A first source contact 5411 1s disposed on the first impurity
region 53311 of the first unit cell 1000, and a first drain contact
5421 1s disposed on the second impurity region 5321 of the
first unit cell 1000. A second source contact 5412 1s disposed
on the first impurity region 5312 of the second unit cell 2000,
and a second drain contact 5422 i1s disposed on the second
impurity region 5322 of the second unit cell 2000. A third
source contact 3413 i1s disposed on the first impurity region
5313 of the third unit cell 3000, and a third drain contact 5423
1s disposed on the second impurity region 3323 of the third
unitcell 3000. A fourth source contact 5414 1s disposed on the
first impurity region 3314 of the fourth unit cell 4000, and a
fourth drain contact 53424 1s disposed on the second impurity
region 5324 of the fourth unit cell 4000.

As described above, the layouts of the first and second unit
cells 1000 and 2000 are line symmetric with respect to the
vertical straight line 5000R, and the layouts of the third and
fourth unit cells 3000 and 4000 are also line symmetric with
respect to the vertical straight line S000R. Thus, the first,
second, third, and fourth unit cells 1000, 2000, 3000, and
4000 may have substantially the same cross-sectional struc-
ture. Accordingly, hereinafter, only a structure of the first unit
cell 1000 will be described, and descriptions to the structures
of the second to fourth unit cells 2000, 3000, and 4000 will be
omitted for the simplicity of explanation.

FIG. 12 1s a cross-sectional view taken along a line III-11I
of FIG. 11 according to an embodiment. Referring to FIGS.
11 and 12, the well region 5100 1s disposed 1n a substrate
1001. In an embodiment, the well region 5100 1s a P-well
region. The substrate 1001 may be a semiconductor substrate
such as a silicon substrate, but 1t 1s not limited thereto. The
substrate 1001 may be a silicon-on-insulator (SOI) substrate
or the like. In an embodiment, if the substrate 1001 1s a P-type
substrate, the well region 5100 may be omitted. In such an
embodiment, the substrate 1001 acts as the well region 5100.

The active region 5041 and the contact region 5200 are
disposed 1n the well region 5100. The active region 5041 and
the contact region 5200 are defined by an 1solation layer 1002.
That 1s, the active region 5041 1s separated from the contact
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region 5200 by the 1solation layer 1002. In an embodiment,
the 1solation layer 1002 includes a trench 1solation layer.

As described with reference to FIG. 11, the active region
5041 includes the first impunty region 3311, the second
impurity region 5321, and the third impurity region 5331. The
first, second, and third impurity regions 5311, 5321, and 5331
may have an opposite conductivity type to the well region
5100. In an embodiment, if the well region 5100 has the
P-type conductivity, the first, second, and third impurity
regions 5311, 5321 and 5331 have an N-type conductivity.

A first mnsulation layer 6112 1s disposed on the well region
5100, and a portion (1.¢., the first floating part) of the tloating
gate 6100 1s disposed on the first insulation layer 6112. As
described above, the contact region 5200 may be formed by
implanting impurity 10ons into the well region 5100 using the
floating gate 6100 as an 1on 1mplantation mask. Thus, the
contact region 5200 may overlap with edges of the floating
gate 6100, as 1llustrated 1n FIG. 12.

In an erase operation, 1f a positive erasure voltage 1s applied
to the first impurity region 5311 (an N-type impurity region)
acting as a sourceregion and a ground voltage 1s applied to the
well region 5100 and the contact region 5200, a coupling
voltage close to the ground voltage may be induced at the
floating gate 6100. Thus, the first unit cell 1000 may be erased
by a Fowler-Nordheim (FN) tunneling mechanism, which 1s
different from a band-to-band tunneling (BTBT) mechanism.
In such a case, the coupling voltage mnduced at the floating
gate 6100 may be determined by an coupling ratio of the first
unit cell 1000.

As described above, both the well region 5100 and the
contact region 5200 may be grounded to have the same elec-
tric potential during the erasure operation. Thus, during the
erasure operation, the coupling ratio of the first unit cell 1000
may be proportional to a coupling capacitance between the
well region 5100 and the floating gate 6100. That 1s, in order
to 1improve an erasure efliciency of the first umit cell 1000, an
area of overlap between the well region 5100 and the tloating
gate 6100 may be increased. Accordingly, the floating gate
6100 overlapping with the well region 5100 may be designed
to have a rectangular shape rather than a comb-shaped con-
figuration, as illustrated in FIG. 11. In an embodiment, the
first insulation layer 6112 includes a silicon oxide layer, and
the floating gate 6100 1ncludes a polysilicon layer.

The floating gate 6100 and the first insulation layer 6112 on
the well region 5100 crosses over the 1solation layer 1002 and
extends to intersect the active region 5041. Thus, the floating
gate 6100 and the first insulation layer 6112 overlap with a
first portion of the active region 5041. A second insulation
layer 6222 1s disposed on a second portion of the active region
5041 that 1s apart from the first portion, and the selection gate
6201 1s disposed on the second 1nsulation layer 6222.

In an embodiment, the selection gate 6201 includes the
same material layer as the floating gate 6100. In an embodi-
ment, the floating gate 6100 and the selection gate 6201
include a polysilicon layer. The selection gate 6201 and the
second 1nsulation layer 6222 intersect the active region 5041.
That 1s, the selection gate 6201 and the second insulation
layer 6222 overlap with the second portion of the active
region 5041. As a result, the floating gate 6100 and the selec-
tion gate 6201 divide the active region 5041 into three
regions. That 1s, the first impurity region 3311, the second
impurity region 5321, and the third impurity region 5331 may
be defined in the active region 5041 by the first and second
portions of the active region 5041.

FIG. 13 1s across-sectional view taken along the line III-111I
of FIG. 11 according to another embodiment. In FIG. 13, the
same reference numerals as used in FIG. 12 denote the same
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clements. Thus, descriptions to the same elements as 1llus-
trated in F1G. 12 will be omitted or briefly mentioned to avoid
duplicate explanation.

Referring to FIGS. 11 and 13, a unit cell may be integrated
on a substrate 1001 together with logic circuits using the same 5
process. In general, impurity regions of transistors constitut-
ing the logic circuits may have a lightly-doped drain (LDD)
structure. Thus, first to third impurity regions 5311, 5321, and
5331, which are simultaneously formed with the impurity
regions of the transistors of the logic circuits, may also have 10
the LDD structure.

In FIG. 13, the first impurity region 3311 includes a first
extended impurity region 5311a and a first deep 1impurity
region 53115, and the second impurity region 5321 includes
a second extended impurity region 5321q and a second deep 15
impurity region 532156. Similarly, the third impurity region
5331 includes a third extended impurity region 5331q and a
third deep impurity region 33315. Herein, the third extended
impurity region 3331a 1s formed under both of a floating gate
6100 and a selection gate 6201. To form the first to third 20
impurity regions 3311, 5321, and 5331 having the LDD struc-
ture, first gate spacers 6140 are formed on sidewalls of the
tfloating gate 6100, and second gate spacers 6240 are formed
on sidewalls of the selection gate 6201.

A first halo region 5311¢ and a second halo region 5331¢ 25
are disposed under both edges of the floating gate 6100 to
surround a sidewall of the first extended impurity region
5311a and a sidewall of the third extended impunity region
5331a under the floating gate 6100, respectively. Although
not shown in the drawings, during formation of the first and 30
second halo regions 5311¢ and 5331¢, other halo regions may
be formed under both edges of the selection gate 6201 to
surround a sidewall of the second extended impurity region
5321a and a sidewall of the third extended impurnty region
5331a under the selection gate 6201. Generally, the third 35
extended impunity region 5331a under the tloating gate 6100
may suppress generation of hot electrons. However, the sec-
ond halo region 5331c¢ surrounding the third extended impu-
rity region 5331q under the floating gate 6100 may increase
an electric field generated between the third impurity region 40
5331 and the well region 5100 under the floating gate 6100
during a program operation. Accordingly, a generation rate of
clectron-hole pairs 1n the vicinity of the third impurnity region
5331 may be increased due to the presence of the second halo
region 3331c¢. As aresult, a program efficiency of the unit cell 45
of FIG. 13 1s improved.

FIG. 14 1s an equivalent circuit of the basic cell array
portion shown 1n FI1G. 11, and FIG. 1515 a table illustrating an
operation of the basic cell array portion shown 1n FIG. 14.
Referring to FIGS. 11 and 14, the first unit cell 1000 includes 50
a first cell transistor CT1 and a first selection transistor ST1,
which are serially connected to each other. The second unit
cell 2000 includes a second cell transistor C'12 and a second
selection transistor ST2, which are serially connected to each
other. The third unit cell 3000 includes a third cell transistor 55
CT3 and a third selection transistor ST3, which are serially
connected to each other. The fourth unit cell 4000 includes a
fourth cell transistor C14 and a fourth selection transistor
ST4, which are serially connected to each other.

The first cell transistor CT1 of the first unit cell 1000 1s 60
clectrically connected in series to the second cell transistor
CT12 of the second unit cell 2000. Simailarly, the third cell
transistor C'13 of the third unit cell 3000 1s electrically con-
nected 1n series to the fourth cell transistor C'T4 of the fourth
unit cell 4000. 65

The first cell transistor C'T1 of the first unit cell 1000 may
include the contact region 5200, the floating gate 6100, the
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first impurity region 5311, and the third impurity region 5331.
The contact region 5200 acting as a control gate electrode of
the first unit cell 1000 may be electrically connected to a first
control gate line ACG1. The first impurity region 3311 may
correspond to a first source terminal S1 of the first unait cell
1000, and the third impurity region 5331 may correspond to a
first connection terminal 31.

The first selection transistor ST1 of the first unit cell 1000
may 1nclude the selection gate 6201, the second impurity
region 3321, and the third impurity region 5331. The first cell
transistor C'T1 and the first selection transistor ST1 share the
third impurity region 5331, that 1s, the first connection termi-
nal 31. A first selection gate SG1 corresponding to the selec-
tion gate 6201 1s electrically connected to a first word line
WL1, and the second impurity region 5321 may act as a first
drain terminal D1 of the first unit cell 1000.

The second cell transistor C'12 of the second unit cell 2000
may include the contact region 5200, the floating gate 6200,
the first impurity region 3312, and the third impurity region
5332. The contact region 5200 acting as a control gate elec-
trode of the second umit cell 2000 may be electrically con-
nected to the first control gate line ACG1. The first impurity
region 3312 may correspond to a second source terminal S2
of the second unit cell 2000, and the third impurity region
5332 may correspond to a second connection terminal 32.
The second source terminal S2 1s electrically connected to the
first source terminal S1 of the first unit cell 1000.

The second selection transistor ST2 of the second unit cell
2000 may include the selection gate 6202, the second impu-
rity region 5322, and the third impurity region 5332. The
second cell transistor CT2 and the second selection transistor
ST2 share the third impurnty region 5332, that 1s, the second
connection terminal 32. A second selection gate SG2 corre-
sponding to the selection gate 6202 1s electrically connected
to a second word line WL2, and the second impurity region
5322 may act as a second drain terminal D2 ofthe second unit
cell 2000. The first and second drain terminals D1 and D2 are
clectrically connected to a first bit line BL1.

The third cell transistor CT3 of the third unit cell 3000 may
include the contact region 5200, the floating gate 6300, the
first impurity region 5313, and the third impurity region 5333.
The contact region 5200 acting as a control gate electrode of
the third unit cell 3000 may be electrically connected to the
first control gate line ACG1. The first impurnty region 5313
may correspond to a third source terminal S3 of the third unit
cell 3000, and the third impurity region 5333 may correspond
to a third connection terminal 33.

The third selection transistor ST3 of the third unit cell 3000
may 1nclude the selection gate 6201, the second impurity
region 5323, and the third impurity region 5333. The third cell
transistor CT3 and the third selection transistor ST3 share the
third impurity region 3333, that 1s, the third connection ter-
minal 33. A third selection gate SG3 corresponding to the
selection gate 6201 1s electrically connected to the first word
line WL1, and the second impurity region 5323 may act as a
third drain terminal D3 of the third unit cell 3000. The first
selection transistor ST1 of the first unit cell 1000 share the
single selection gate 6201 with the third selection transistor
ST3 of the third unit cell 3000. That 1s, the first selection gate
SG1 and the third selection gate SG3 are connected to each
other through the same selection gate line 6201.

The fourth cell transistor CT4 of the fourth unit cell 4000
may include the contact region 5200, the floating gate 6400,
the first impurity region 3314, and the third impurity region
5334. The contact region 5200 acting as a control gate elec-
trode of the fourth unit cell 4000 may be electrically con-
nected to the first control gate line ACG1. The first impurity
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region 5314 may correspond to a fourth source terminal S4 of
the fourth unit cell 4000, and the third impurity region 5334
may correspond to a fourth connection terminal 34. The
tourth source terminal S4 1s electrically connected to the third
source terminal S3 of the third unit cell 3000.

The fourth selection transistor ST4 of the fourth unit cell
4000 may 1nclude the selection gate 6202, the second impu-
rity region 5324, and the third impurity region 5334. The
tourth cell transistor CT4 and the fourth selection transistor
ST4 share the third impunity region 3334, that 1s, the fourth
connection terminal 34. A fourth selection gate SG4 corre-
sponding to the selection gate 6202 1s electrically connected
to the second word line WL2, and the second impurity region
5324 may act as a fourth drain terminal D4 of the fourth unit
cell 4000. The third and fourth drain terminals D3 and D4 are
clectrically connected to a second bit line BL2. The second
selection transistor ST2 of the second unit cell 2000 shares the
single selection gate 6202 with the fourth selection transistor
ST4 of the fourth unit cell 4000. That 1s, the second selection
gate SG2 and the fourth selection gate SG4 are connected to
cach other through the same selection gate line 6202.

The first source terminal S1, the second source terminal S2,
the third source terminal S3, and the fourth source terminal S4
are electrically connected to a common source line CS.

Referring to FIGS. 11, 14, and 15, a program operation of
the first unit cell 1000 may be achieved by a hot carrier
injection mechanism. In more detail, in order to program the
first unit cell 1000 using the hot carrier injection mechanism,
first and second positive program voltages +V ., and +V »5,
may berespectively applied to the first control gate line ACG1
and the first word line WL 1, and a positive bit line voltage +V
may be applied to the first bit line BL1. During the program
operation, the common source line CS may be grounded, and
the well region 5100 such as a P-type well region may be
grounded.

As described above, the first unit cell 100 may have a
structure that can be programmed using the hot carrier 1njec-
tion mechanism. Thus, a maximum program voltage, for
example, the first positive program voltage +V », used in the
program operation of the first unit cell 1000 with the hot
carrier injection mechanism may be lower than that used 1n a
program operation of a unit cell with a Fowler-Nordheim
(FN) tunneling mechanism by about 2V to SV, As aresult, the
power consumption of the EEPROM device including the
firstumt cell 1000 may be reduced. This may lead to reduction
in the size or number of logic elements such as high voltage
transistors which are used to drive the first positive program
voltage +V 55, .

Under the bias condition described above, 1n the program
operation, a predetermined positive voltage may be induced
at the first floating gate FG1 (6100) by a coupling ratio of the
first unit cell 1000. During the program operation, the cou-
pling ratio of the first unit cell 1000 may be proportional to a
perimeter capacitance between the first floating gate FG1
(6100) and the control gate CG (1.e., the contact region 5200).

The first selection transistor ST1 may be turned on because
the second positive program voltage +V .., 1s applied to the
first selection gate SG1 (6201) connected to the first word line
WL1. Thus, the positive bit line voltage +V applied to the first
bit line BL1 (1.¢., the second impurity region 3321) may be
transmitted to the first connection terminal 31 (1.e., the third
impurity region 3331). The predetermined positive voltage
induced at the first floating gate FG1 (6100) and the positive
bit line voltage +V transmitted to the first connection terminal
31 (1.e., the third impurity region 3331) may generate a strong
clectric field under the first tloating gate 6100. As a result, hot
clectrons may be generated and 1injected into the first tloating
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gate 6100 by the strong electric field generated under the first
floating gate 6100. Accordingly, a threshold voltage of the
first cell transistor C'11 may be positively increased to pro-
gram the first unit cell 1000.

An erasure operation of the first unit cell 1000 may be
achieved by a Fowler-Nordheim (FN) mechanism. While the
first unit cell 1000 1s erased, the other unit cells including the
second to fourth unit cells 2000, 3000, and 4000 are also
erased. Specifically, the first unit cell 1000 may be erased by
applying a positive erasure voltage +V__ to the common
source line CS and a ground voltage to the first control gate
line ACG1.

During the erasure operation, the first word line WL1 and
the first bit line BL1 may be electrically floated or grounded,
and the well region 5100 may be grounded. Thus, a coupling
voltage close to the ground voltage may be induced at the first
floating gate FG1 (6100) to generate a strong electric field
between the first floating gate FG1 (6100) and the first source
terminal S1 (1.e., the first impurity region 3311). Accordingly,
clectrons 1n the first floating gate FG1 (6100) may be ijected
into the first source terminal S1 (1.e., the first impurity region
5311) by the Fowler-Nordheim (FN) mechanism. As a result,
a threshold voltage of the first cell transistor CT1 may be
lowered to erase the data stored 1n the first unit cell 1000.

During the erasure operation, the other unit cells, for
example, the second to fourth unit cells 2000, 3000, and 4000
may be simultaneously erased. This 1s because the second to
fourth source terminals S2, S3, and S4 are electrically con-
nected to the first source terminal S1 (1.e., the common source
line CS) and the first to fourth unit cells 1000, 2000, 3000, and
4000 share the contact region 5200 connected to the first
control gate line ACG1.

To achieve a read operation of the first unit cell 1000, a
positive bit line voltage +V 5, may be applied to the first bit
line BL1, and a positive selection gate voltage +V .. may be
applied to the first word line WL1. Further, a positive read
voltage +V,__ , may be applied to the first control gate line
ACG1, and the well region 5100 and the common source line
CS may be grounded. The positive read voltage +V,__ , may
be set to have a voltage level between a threshold voltage of
the erased first unit cell 1000 and a threshold voltage of the
programmed first unit cell 1000.

Under the bias condition described above 1n the read opera-
tion, the first selection transistor ST1 may be turned on by the
positive selection gate voltage +V -~ applied to the first word
line WL1 that 1s connected to the first selection gate SG1
(6201). Accordingly, the positive bit line voltage +V ,,, may
be transmitted to the third impurity region 3331 through the
second 1mpurity region 3321.

The first cell transistor CT1 may be turned on or turned off
according to a threshold voltage thereol when the positive
read voltage +V ___, 1s applied to the first control gate line
ACG1 (5200). Ifthe first cell transistor C'T1 1s programmed to
have a threshold voltage higher than the positive read voltage
+V __ ., the first cell transistor CT1 may be turned off even
though the positive read voltage +V . 1s applied to the first
control gate line ACG1 (5200). In contrast, 1t the first cell
transistor C'T1 1s erased to have a threshold voltage lower than
the positive read voltage +V,__ ., the first cell transistor CT1
may be turned on when the positive read voltage +V,__, 1s
applied to the first control gate line ACG1 (5200). Accord-

ingly, a sense amplifier (not shown) connected to the first bit
line BLL1 can determine whether the first umt cell 1000 1s

programmed or erased by detecting a cell current that flows
through the first bit line BL1.

FIG. 16 1llustrates an equivalent circuit of a cell array
including the basic cell array portion shown 1n FI1G. 14. Refer-
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ring to FIG. 16, the basic cell array portion shown 1n FIG. 14
1s two-dimensionally arrayed 1n a (n/2)x(m/2) matrix to con-
stitute a cell array of a single-layer gate EEPROM device
according to an embodiment. That 1s, the basic cell array
portion shown 1n FIG. 14 1s repeatedly arrayed n/2 times 1n a
row direction, and a plurality of basic cell array portions in the

row direction 1s repeatedly arrayed m/2 times 1n a column
direction.

The first to fourth unit cells 1000, 2000, 3000, and 4000 1n

a basic cell array portion 6000-11 located at an intersection of
a first row and a first column include first to fourth floating

gates FG1, FG2, FG3, and FG4, respectively. The contact
region (5200 of FIG. 11) capacitively coupled to the first to
tourth tloating gates FG1, FG2, FG3, and FG4 1n the basic cell
array portion 6000-11 1s electrically connected to a first con-
trol gate line ACG1.

The first to fourth unit cells 1000, 2000, 3000, and 4000 1n

a basic cell array portion 6000-1; located at an intersection of

the first row and a j” column include first to fourth floating
gates FG1, FG2, FG3, and FG4, respectively. The contact

region (5200 of FIG. 11) capacitively coupled to the first to
tourth tloating gates FG1, FG2, FG3, and FG4 1n the basic cell
array portion 6000-1; 1s also electrically connected to the
control gate line ACG1.

The first to fourth unit cells 1000, 2000, 3000, and 4000 1n
a basic cell array portion 6000-11 located at an intersection of
a 1” row and the first column include first to fourth floating
gates FG1, FG2, FG3, and FG4, respectively. The contact
region (5200 of FIG. 11) capacitively coupled to the first to
fourth floating gates FG1, FG2, FG3, and FG4 1n the basic cell
array portion 6000-i1 is electrically connected to a k™ control
gate line ACGk.

The first to fourth unit cells 1000, 2000, 3000, and 4000 1n
a basic cell array portion 6000-i; located at an intersection of
the i” row and the i’ column include first to fourth floating
gates FG1, FG2, FG3, and FG4, respectively. The contact
region (5200 of FIG. 11) capacitively coupled to the first to
tourth tloating gates FG1, FG2, FG3, and FG4 1n the basic cell
array portion 6000-i7 is also electrically connected to the k™
control gate line ACGKk.

A first word line WL1 1s electrically connected to the first
selection gate SG1 and the third selection gate SG3 of each of
the basic cell array portions 6000-11, . . ., 6000-1; arrayed in
the first row, and a second word line WL2 is electrically
connected to the second selection gate SG2 and the fourth
selection gate SG4 of each of the basic cell array portions
6000-11, . . ., 6000-1; arrayed 1n the first row. In the same
manner, a (m-1)” word line WLm-1 is electrically connected
to the first selection gate SG1 and the third selection gate SG3
of each of the basic cell array portions 6000-11, . . ., 6000-;;
arrayed in a (m/2)” row, and an m” word line WLm is elec-
trically connected to the second selection gate SG2 and the
fourth selection gate SG4 of each of the basic cell array
portions 6000-i1, . . ., 6000-ij arrayed in the (m/2)” row.

A first bit line BL1 1s electrically connected to the first
drain terminal D1 and the second drain terminal D2 of each of
the basic cell array portions 6000-11, . .., and 6000-11 arrayed
in the first column. A second bit line BL2 1s electrically
connected to the third drain terminal D3 and the fourth drain
terminal D4 of each of the basic cell array portions
6000-11, . . ., and 6000-11 arrayed in the first column. In the
same manner, a (n—1)” bit line BLn-1 is electrically con-
nected to the first drain terminal D1 and the second drain
terminal D2 of each of the basic cell array portions
6000-1;, . . ., and 6000-jj arrayed in a (n/2)” column, and an
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terminal D3 and the fourth drain terminal D4 of each of the
basic cell array portions 6000-11, .. ., and 6000-11 arrayed in
the (n/2)” column.

A common source line CS 1s electrically connected to the
source terminals S1, S2, S3, and S4 of each of the basic cell
array portions 6000-11, . . . , 6000-1;, 6000-11, . . . , and
6000-i; arrayed 1n the (n/2)x(m/2) matrix. In FI1G. 9, 1,1, k, n,
and m are each positive integers.

FIG. 17 1s a table illustrating an operation of the cell array
shown 1n FIG. 16. In an embodiment, a single unit cell of a
single-layer gate EEPROM device 1s selectively pro-
grammed, and data stored 1n the single unit cell 1s selectively
read out, whereas all the unit cells 1n the cell array are simul-
taneously erased during an erasure operation.

The program operation may be achieved using a hot carrier
injection mechanism, and the erasure operation may be
achieved using a Fowler-Nordheim (FN) tunneling mecha-
nism. Heremaiter, a method of operating a single-layer gate
EEPROM device according to an embodiment will be
described 1n conjunction with an illustrative example 1n
which the first unit cell 1000 1n FIG. 16 1s selectively pro-
grammed and read out.

Referring to FIGS. 16 and 17, the first unit cell 1000
located at an intersection of a first row and a first column 1s
selectively programmed by applying a first positive program
voltage +V ., to the first control gate line ACG1, a second
positive program voltage +V , , to the first word line WL1,
and a positive bit line voltage +V to the first bit line BL1.
During the program operation, the common source line CS 1s
grounded. Under the above bias condition, the first unit cell
1000 of the basic cell array portion 6000-11 may be selec-
tively programmed by the hot carrier injection mechanism, as
described with reference to FIGS. 5 and 6.

During the program operation, the non-selected second
unit cell 2000 connected to the second word line WL2 and the
first bit line BL1 1s not programmed because the second word
line WL2 1s grounded to turn oif the selection transistor of the
non-selected second unit cell 2000 even though the first posi-
tive program voltage +V ., 1s applied to the first control gate
line ACG1 and the positive bit line voltage +V 1s applied to the
first bit line BL1.

During the program operation, the first and second unit
cells 1000 and 2000 of each of the other basic cell array
portions 6000-21, . . ., and 6000-11 1n the first column are not
programmed because non-selected word lines, 1.e., the third
to m” word lines WL3, . . ., and WLm, are grounded.

Further, during the program operation, the non-selected
third unit cell 3000 connected to the second bit line BL.2 and
the first word line WL1 1s not programmed because no bias 1s
applied to the second bit line BL2, e.g., a ground voltage 1s
applied to the second bit line BL2, even though the first
positive program voltage +V ., 1s applied to the first control
gate line ACG1 and the second positive program voltage
+V .5, 1s applied to the first word line WL1. During the
program operation, the first and third unit cells 1000 and 3000
of each of the other basic cell array portions 6000-12, . . ., and
6000-1; in the first row are not programmed because non-
selected bit lines, i.e., the third to n™ bit lines BL3, . . ., and
BLn, are grounded.

Furthermore, during the program operation, the non-se-
lected fourth unit cell 4000 connected to the second bit line
BL2 and the second word line WL2 i1s not programmed
because no bias 1s applied to the second bit line BL2 and the
second word line WL2, e.g., a ground voltage 1s applied to the
second bit line BL.2 and the second word line WL.2, even
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though the first positive program voltage +V .5, 1s applied to
the first control gate line ACG1 connected to the non-selected
tourth unit cell 4000.

An erasure operation of the single-layer gate EEPROM
device according to an embodiment may be achieved by
applying a positive erasure voltage +V__ to the common
source line CS and a ground voltage to the first control gate
line ACG1. Under the above bias condition, all the unit cells
1000, 2000, 3000 and 4000 1n the first row may be erased by
a Folwer-Nordheim (FN) tunneling current that flows through
the first insulation layer (6112 of FIG. 12 or 13) between the
first control gate line ACG1 and the tloating gates FG1~FG4.

During the erasure operation, all the bit lines BL1, .. ., and
BLn and all the word line WL1, . . ., and WLm may be
grounded or floated, and the well region (5100 of FI1G. 11,12
or 13) may be grounded. In an embodiment, during the era-
sure operation, all the control gate lines ACG1, . .., and ACGk
may be grounded, and the positive erasure voltage +V __ may
be applied to the common source line CS. In such a case, the
unit cells 1n all the basic cell array portions 6000-11, . . .,
6000-1;,...,6000-11,...,and 6000-ij may be simultaneously
erased.

Data stored 1n the first unit cell 1000 located at an intersec-
tion of the first row and the first column may be selectively
read out by applying a positive bit line voltage +V 5, to the
first bit line BL1, a positive selection gate voltage +V - to the
first word line WL1, and a positive read voltage +V ,__ , to the
first control gate line ACG1.

During the read operation, the common source line CS may
be grounded. The positive read voltage +V,__ . may be set to
have a voltage level between a threshold voltage of the pro-
grammed unmt cell and a threshold voltage of the erased unit
cell. Under the above bias condition, a sense amplifier (not
shown) connected to the first bit line BLL1 can determine
whether the selected first unit cell 1000 1s programmed or
erased by detecting a cell current that flows through the first
bit line BL1.

During the read operation, data stored 1n the non-selected
second unit cell 2000 connected to the first bit line BLL1 and
the second word line WL2 1s not read out because the second
word line WL2 1s grounded to turn off the selection transistor
of the non-selected second unit cell 2000, even though the
positive bit line voltage +V 5, 1s applied to the first bit line
BL1 and the positive read voltage +V ,__ ,1s applied to the first
control gate line ACG1. During the read operation, the
remaining word lines WL3~WLm may be also grounded.
Thus, data stored in unit cells connected to the remaining
word lines WL3~WLm are not read out.

Further, during the read operation, data stored 1n the non-
selected third unit cell 3000 connected to the second bit line
BL2 and the first word line WL1 1s not read out because the
second bit line BL2 1s floated or grounded, even though the
positive selection gate voltage +V -~ applied to the first word
line WL1 and the positive read voltage +V ,__ ,1s applied to the
first control gate line ACG1. During the read operation, the
remaining bit lines BL3~BLn may also be floated or
grounded. Thus, data stored in unit cells connected to the
remaining bit lines BLL3~BLn are not read out.

Furthermore, during the read operation, data stored in the
non-selected fourth unit cell 4000 connected to the second bit
line BL2 and the second word line WL2 1s not read out
because the second bit line BL2 and the second word line
WL2 are floated or grounded, even though the positive read
voltage +V ,__ ,1s applied to the first control gate line ACG1.

Embodiments of the present invention have been disclosed
above for 1llustrative purposes. Those skilled 1n the art will
appreciate that various modifications, additions, and substi-
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tutions are possible without departing from the scope and
spirit of the present mnvention as disclosed 1n the accompany-
ing claims.

What 1s claimed 1s:

1. A cell array of a single-layer gate electrically erasable
programmable read-only memory (EEPROM) device, the
cell array comprising:

a substrate; and

a plurality of umt cells sharing an N-well region 1n the
substrate,

wherein each of the plurality of unit cells comprises:

a floating gate including a first part disposed over the
N-well region and a second part extending from the
first part 1n a first direction, the second part having a
stripe shape and disposed over a P-well region, the
N-well region being separate from the P-well region;

a selection gate spaced apart from the floating gate and
disposed over the P-well region and parallel with the
second part of the floating gate; and

an active region disposed in the P-well region and par-
allel with a second direction substantially perpen-
dicular to the first direction, the active region inter-
secting the floating gate and the selection gate,

wherein the active region includes a first n+ 1mpurity
region disposed at one side of the second part of the
floating gate, a second n+ impurity region disposed at
one side of the selection gate, and a third n+ impurity
region disposed at the respective other sides of the
selection gate and the second part of the tloating gate,

wherein the N-well region includes a p+ contact region
that partially overlaps with the first part of the floating
gate,

wherein the plurality of unit cells comprises first to
fourth unit cells, and

wherein the first and second unit cells are disposed to be
symmetric with respect to a straight line 1n the second
direction, the first and third unit cells are disposed to
be symmetric with respect to a straight line 1n the first
direction, and the first and fourth unit cells are dis-
posed to be point symmetric.

2. The cell array of claim 1, wherein the first part of the
floating gate has a comb shape.

3. The cell array of claim 1, wherein each of the first,
second, and third n+ 1mpurity regions has a lightly-doped
drain (LDD) structure including an extended impurity region
and a deep impurity region.

4. The cell array of claim 3, further comprising halo regions
surrounding respective extended impurity regions of the first,
second, and third n+ impurity regions.

5. A cell array of a single-layer gate EEPROM device, the
cell array comprising:

a plurality of unit cells arrayed over a substrate 1n rows and
columns, each of the unit cells including a selection
transistor and a cell transistor serially connected to each
other and including a drain terminal, a selection gate, a
floating gate, a control gate electrode, and a source ter-
minal;

a plurality of bit lines connected to the plurality of unit
cells, each of the bit lines being electrically connected to
drain terminals of unit cells arrayed 1n a corresponding
one of the columns:

a plurality of word lines connected to the plurality of unit
cells, each of the word lines being electrically connected
to selection gates of unmit cells arrayed 1n a corresponding
one of the rows:
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a plurality of control gate lines connected to the plurality of
unit cells, each of the control gate lines being electrically
connected to control gate electrodes of unit cells arrayed
in two adjacent ones of the rows; and

a common source line connected to the source terminals of
the plurality of unit cells,

wherein each of the unit cells includes an N-well region, a
P-well region, and an active region disposed 1n the sub-
strate;

wherein the floating gate of each unit cell includes a first
part disposed over the N-well region and a second part
extending from the first part in a first direction, the
second part having a stripe shape and disposed over the
P-well region;

wherein the selection gate of each unit cell 1s spaced apart
from the floating gate and disposed over the P-well
region to be parallel with the second part of the floating
gate;

wherein the active region of each unit cell 1s disposed to be
parallel with a second direction substantially perpen-
dicular to the first direction and to intersect the selection
gate and the second part of the floating gate;

wherein the active region of each unit cell includes a first
n+ 1mmpurity region disposed at one side of the second
part of the floating gate, a second n+ 1mpurity region
disposed at one side of the selection gate, and a third n+
impurity region disposed at the respective other sides of
the selection gate and the second part of the floating gate;

wherein the N-well region includes a p+ contact region that
partially overlaps with the first part of the floating gate,

wherein the plurality of unit cells comprises first to fourth
unit cells, and

wherein the first and second unit cells are disposed to be
symmetric with respect to a straight line 1n the second
direction, the first and third unit cells are disposed to be
symmetric with respect to a straight line in the first
direction, and the first and fourth unit cells are disposed
to be point symmetric.

6. A cell array of a single-layer gate EEPROM device, the

cell array comprising:
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a substrate 1n which a single well region 1s disposed;

first, second, third, and fourth unit cells disposed over the
single well region; and

a contact region disposed 1n the single well region and
shared by the first, second, third, and fourth unit cells,

wherein each of the first, second, third, and fourth unit cells

COMprises:

a floating gate including a first part disposed over the
single well region to overlap with a portion of the
contact region, and a second part extending from the
first part, the second part not overlapping with the
contact region;

a selection gate disposed over the single well region to be
spaced apart from the second part of the floating gate;
and

an active region disposed 1n the single well region and
intersecting the selection gate and the second part of
the floating gate,

wherein the active region includes a first impurity region
disposed at one side of the second part of the floating,
gate, a second impurity region disposed at one side of
the selection gate, and a third impurity region dis-
posed at the respective other sides of the selection gate
and the second part of the floating gate,

wherein the first and third unit cells are disposed at a left
side of a vertical straight line 1n a plan view, and the
second and fourth unit cells are disposed at aright side of
the vertical straight line 1n the plan view, and

wherein the first and third unit cells share a first selection

gate line, and the second and fourth unit cells share a

second selection gate line that 1s different from the first

selection gate line.

7. The cell array of claim 6:

wherein the first unit cell and the second unit cell are
disposed to be symmetric with respect to the vertical
straight line; and

wherein the third unit cell and the fourth unit cell are
disposed to be symmetric with respect to the vertical
straight line.
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